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METHOD FOR PROMOTING
ANGIOGENESIS, VASCULARIZATION OR
VESSEL REPAIR OR FOR INHIBITING
TUMOR ANGIOGENESIS

CROSS-REFERENCE TO A RELATED
APPLICATION

This application is a Continuation Application of co-pend-
ing U.S. application Ser. No. 13/569,786, filed Aug. 8, 2012;
which is a Continuation Application of U.S. application Ser.
No. 12/739,876, filed Jul. 22, 2010 (now U.S. Pat. No. 8,258,
113); which is a National Stage Application of International
Application No. PCT/DE2008/001759, filed Oct. 30, 2008;
which claims priority to German Application No. 10 2007
052 114.8, filed Oct. 30, 2007; all of which are incorporated
herein by reference in their entirety.

The Sequence Listing for this application is labeled
“SeqList-30Jul14-ST25.txt”, which was created on Jul. 30,
2014, and is 5 KB. The entire contents is incorporated herein
by reference in its entirety.

FIELD OF THE INVENTION

The invention relates to a method for influencing the miR-
92 expression in a cell, in particular for promoting the angio-
genesis, vascularization or vessel repair, or for inhibiting or
blocking tumor angiogenesis, and the use of such a method
for the therapy of a disease or a condition. Furthermore, the
invention relates to a pharmaceutical composition for pro-
moting angiogenesis, vascularization or vessel repair, or for
inhibiting or blocking tumor angiogenesis in a cell.

BACKGROUND OF THE INVENTION

The endothelium plays an important role in the mainte-
nance of the integrity and functionality of the vessels. In the
adult, the growth of new vessels occurs through arteriogen-
esis, angiogenesis or vasculogenesis. Whilst arteriogenesis is
defined as the growth of collateral vessels, angiogenesis is
understood as the growth of new blood vessels from pre-
existing vessels. During angiogenesis, resting endothelial
cells are activated by angiogenic factors and start to migrate,
proliferate and organize themselves into tubular structures
(2). The term vasculogenesis initially described the de novo
blood vessel formation in the embryo from angioblasts, but
now also includes the formation of blood vessels from endot-
helial precursor cells or other adult stem cells (1). Angiogen-
esis and vasculogenesis represent physiological developmen-
tal processes which play an essential role in the reconstitution
of the blood flow in ischemic tissues, and are a basic step in
the growth of tumors. The promotion of angiogenesis and
neovascularization was identified as a possible therapeutic
strategy in, for example, patients suffering from ischemia. In
tumor angiogenesis, the limitation of these processes leads to
a repression of tumor growth.

MicroRNAs (miRNAs) are small non-encoding RNAs that
regulate the gene expression on the post-transcriptional level
through a degradation of the target mRNA or through trans-
lational repression (3). In contrast to small interfering RNAs
(siRNA), which bind to complementary mRNA sequences,
the binding of the miRNA to a target does not only take place
at a complementary RNA, but forms more complex RNA-
RNA-structures that are thermodynamically preferred (4).
This “incomplete” binding allows the binding of one miRNA
molecule to different mRNA molecules. The regulation of a
set of genes (in contrast to a monotherapy using a gene or a
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growth factor) can represent an advantage, if thereby complex
regulatory processes can be influenced. So far, more than 400
miRNAs have been identified in the human genome, but the
relevance of most of these miRNAs for the cellular functionin
physiological and pathologic processes is still unclear.
Whereas it was described in the state of the art that the
down-regulation of the miRNA-processing enzymes Dicer
and Drosha impedes angiogenesis (5-7), only few specific
miRNAs have been described which influence endothelial
cell functions and angiogenesis. MiR-221 and miR-222 block
the endothelial cell migration, proliferation and angiogenesis
in vitro in an indirect manner through an interaction with the
stem cell factor receptor c-kit and regulation of the eNOS
expression (6, 8). In contrast to this, the expression of let7-f
and miR-27b contributes to an in vitro angiogenesis (7).

The state of the art attributed a strong tumor angiogenesis-
promoting activity to the miRNA cluster miR-17-92. The
miR-17-92 cluster consists of miR-17-5p, miR-17-3p, miR-
18a, miR-19a, miR-20a, miR-19b, and miR-92-1 (9). This
miR-17-92 cluster is up-regulated in Myc-induced tumors,
and the individual miRNAs miR-18 and miR-19 could be
identified as molecules which specifically interact with the
expression of anti-angiogenic proteins. A specific evaluation
of the targets of these miRNAs showed that miR-18 prefer-
ably suppresses the expression of the connective tissue
growth factor (CTGF), whereas miR-19 interacts with the
strong angiogenesis-inhibitor thrombospondin-1 (TSP-1)
(10).

BRIEF SUMMARY

It was surprisingly found in accordance with the invention
that miR-92 does not promote the angiogenesis as described
in the state of the art, but strongly reduces the migration and
tube formation of endothelial cells in vitro and the neovascu-
larization in vivo. The inhibition of miR-92 increases neovas-
cularization. Accordingly, miR-92 has an anti-angiogenic
activity and not a pro-angiogenic activity as described so far
in the state of the art.

This anti-angiogenic activity is connected to the inhibition
of key proteins that control angiogenesis and endothelial
activity, including the endothelial nitric oxide synthase
(eNOS), and sirtuinl (SIRT1), which are both essential for
postnatal endothelial cell functions (11 to 13), and integrin a5,
which controls the endothelial cell motility and the interac-
tion with the matrix (14). The inhibition of miR-92 by miR-92
inhibitors represents a new therapeutic strategy for improving
the endothelial cell function and neovascularization. At the
same time, it was found that the over-expression of miR-92
reduces neovascularization.

DESCRIPTION OF THE INVENTION

The invention is based on the finding that miR-92 exerts an
anti-angiogenic biological activity, and not a pro-angiogenic
activity as described in the state of the art so far.

More specifically, the invention relates to a method for
influencing the miR-92 expression in a cell, in particular in
the context of angiogenesis and/or vasculogenesis.

According to the invention, the method comprises the fol-
lowing steps:

a) Providing a cell; and

b1) Reducing the miR-92 expression in the cell in order to
promote angiogenesis, vascularization and/or the vessel
repair by introducing an antisense molecule against miR-92
into the cell, or
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b2) Increasing the miR-92 expression in the cell for an
inhibition of the tumor angiogenesis by introducing a con-
struct into the cell, wherein said construct includes an
expressible miR-92 sequence. It is also possible, to introduce
miR-92 into the cell. In a preferred embodiment, said method
is an in vitro method.

The term reducing or increasing of the miR-92 expression
in the cell is based on a comparison with the miR-92 expres-
sion in a wild-type cell, as can be performed using RT-PCR or
real-time PCR. The respective change of the expression can
also be determined using the functional effects of the modi-
fied expression level of miR-92 on the characteristics of the
cell.

An antisense molecule is a single-stranded molecule hav-
ing a sequence which is essentially reverse complementary to
an RNA (here miR-92), and which inhibits the biological
function of miR-92 through hybridization with the miR-92.
Preferably, the molecule is an antisense RNA, which option-
ally can comprise chemical modifications.

The construct can be a plasmid, a cosmid, a virus or a
precursor-miRNA, wherein the construct advantageously
includes a means for the transcription of the expressible miR-
92 sequence as included, such as, for example, a promoter
which is functionally linked with the miR-92 sequence.

The term “miR-92” as used herein includes both precursor
molecules, such as pre-92a-1, pre-92a-2, and pre-92b, as well
as processed molecules, such as miR-92a, and miR-92b (see
also the sequences according to SEQ ID NO 1 to 5).

The introduction of a molecule or a construct can take place
using both physical methods (such as microinjection or elec-
troporation), by means of chemical methods (such as with
calcium phosphate or lipofection), or by means of viral meth-
ods (using viruses).

In a preferred embodiment of the invention, influencing of
the expression of a protein in the cell results from influencing
the miR-92 expression in a cell, wherein said protein is
selected from the group of: eNOS, SIRT1, integrin alpha 5,
integrin beta 1, integrin alpha v, Sprouty 2, TIMP 4, Tie 2,
ANG 2,MKK 4,KLF 2, PCAF, EDG 1 and RAP 1B. All these
proteins are associated with the control of the endothelial cell
function, the athero-protection, and/or the postnatal neovas-
cularization. SIRT1 is furthermore associated with age-re-
lated diseases.

Providing a cell comprises both the provision of a cell in
isolated form, such as, for example, a cell of a clonal cell line,
as well as the provision of a cell as part of a tissue, an organ or
an organism.

The cell as provided can generally comprise any kind of
cell. Preferably, the cell as provided is a vascular cell, a
hematopoietic cell, a heart muscle cell, an inflammatory cell,
and/or aneuronal cell. This in each case includes all precursor
cells and stem cells of the cells as indicated. In a preferred
embodiment of the method, the stem cell is not a human
embryonic stem cell. Furthermore, the cell as provided can be
present isolated, but also in association with a tissue or an
organ. In one embodiment, the method can also be performed
in vivo.

The cell as provided preferably stems from a metazoan, in
particular from a mammal (such as, for example, a rodent,
such as mouse or rat), a monkey, a great ape, a bovine, a pig,
a dog or a cat or, particularly preferred, from a human.
Reduction of the miR-92 Expression

In as much as the method leads to a reduction of the miR-92
expression in the cell compared to the normal expression of
miR-92 in a wild-type cell, the reduction of the expression
takes place through providing a molecule selected from the
group consisting of antisense molecules, synthetic miR-92
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inhibitors, and transcription factor inhibitors. This reduction
of'the miR-92 expression leads to, for example, an increase of
the vascularization and vessel repair in the tissue.

In one embodiment of the method according to the inven-
tion, the antisense molecule is a molecule which hybridizes
with an RNA-molecule according to one of SEQ ID NO: 1 to
5, both under stringent as well as under less stringent condi-
tions. This includes the possibility that in the hybridized state
the antisense molecule exhibits “mismatches” when com-
pared with miR-92, which, nevertheless, do not eliminate the
function as an antisense molecule. Therefore, despite the base
mismatch(es), an inhibition or degradation of miR-92 takes
place. In particular, the antisense molecule can have a length
of up to 80 nucleotides, preferably up, to 30 nucleotides,
particularly preferred of 15 to 22 nucleotides. Particularly for
an inhibition of the immature miR-92 precursor, the antisense
molecule can have up to 80 nucleotides, in particular up to 30
nucleotides. The minimal length of such an antisense mol-
ecule is advantageously 12 nucleotides, preferably 15 nucle-
otides.

In a preferred embodiment, the antisense molecule
includes a sequence that is reverse complementary to a
sequence according to one of SEQ ID NO 1 to 5. Thereby, no
base mismatch(es) are formed, which leads to an efficient
inhibition of the miR-92. In a preferred embodiment of the
invention, the antisense molecule is a molecule with a
sequence according to SEQ ID NO 6 or 8. It is possible that
the antisense molecule includes at least one chemical modi-
fication, such as, for example, at least one 2'-O-methyl-, cho-
lesterol-, phosphothioate-, and/or 2'-O-methoxyethyl-2'-
fluoro-group. The antisense molecule can also or additionally
include locked nucleic acid (LNA) components. For example,
avery much preferred embodiment of the antisense molecule
is the following molecule, which includes a sequence accord-
ing to SEQ ID NO 6 with chemical modifications:

(SEQ ID NO 9)
C,A,GGCCEGGACAAGUGCA,AUA, - Chol

wherein the capital letters indicate 2'-O-methyl modified
nucleotides, the subscripted t () indicates a phosphothioate
bond between adjacent nucleotides, and “Chol” indicates a
cholesterol group.

A very much preferred embodiment of the antisense mol-
ecule including a sequence according to SEQ ID NO 8 with

chemical modifications is the following molecule:

(SEQ ID NO 10)
ACAGECCGEGACARGUGCAAUA, - Chol

wherein the capital letters indicate 2'-O-methyl modified
nucleotides,
the subscripted t (“)”) indicates a phosphothioate bond
between adjacent nucleotides, and “Chol” indicates a choles-
terol group.

Furthermore preferred is an antisense molecule including a
sequence according to SEQ ID NO 11 including only 2'-O-
methyl modified nucleotides.

Methods for a synthesis of such antisense molecules are
known to the person of skill.

A method of the kind as described above for promoting the
angiogenesis, vascularization and vessel repair can be used
for a therapy of a disease or a condition. The disease or the
(optionally pathological) condition is selected from the group
consisting of ischemia (such as, for example, myocardial
infarct, chronic ischemic heart disease, peripheral or coro-
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nary artery occlusion, ischemic infarct, stroke), pathological
angiogenesis (such as, for example, tumor angiogenesis,
metastases formation, diabetic retinopathy, chronic inflam-
matory diseases), arthrosclerosis, secondary diseases to
arthrosclerosis (acute coronary syndrome, myocardial inf-
arct, stroke, cardiomyopathy) or (premature) aging or aging-
associated diseases, as well as neurodegenerative diseases,
such as Morbus Alzheimer, and Morbus Parkinson.

Furthermore, the method as described can be used for the
treatment of stem cells or precursor cells (such as, for
example, pro-angiogenic cells, organ-specific precursor
cells, bone-marrow derived cells or circulating precursor
cells).

Thus, the method can be used both in vivo, and ex vivo or
in vitro, such as, for example, for the production of vessel
replacement material, in particular for tissue replacement
therapy, or in research.

Increasing the miR-92 Expression

In as much as in the method the expression of miR-92 in a
cell, e.g. in an endothelial cell, is increased compared with the
normal expression of miR-92 in a wild-type cell, this, for
example, can take place through an increase of the expression
by means of introducing of a construct including an express-
ible miR-92 sequence into the cell. In a preferred embodiment
of the method according to the invention, the miR-92 con-
struct includes an expressible sequence according to one of
SEQ ID NO 1 to 5, or can express such a sequence, respec-
tively. Advantageous embodiments of such a construct have
been described above. Alternatively, miR-92 can also be
introduced directly into the cell.

A method of the latter described kind for inhibiting the
tumor angiogenesis can be used for a therapy of a disease or
a (pathologic) condition selected from the group consisting of
overshooting angiogenesis, undesired angiogenesis, tumors
and chronic inflammations.

Pharmaceutical Composition

The invention furthermore relates to a pharmaceutical
composition, comprising either an agent for reducing the
miR-92 activity or expression in a cell in the form of an
antisense molecule against miR-92, an, optionally synthetic,
inhibitor and/or a transcription factor inhibitor; or an agent for
increasing the miR-92 expression in a cell in the form of a
construct for expressing miR-92. Thereby, the construct can
comprise or include an expressible sequence according to one
of SEQ ID NO 1 to 5. In one embodiment, the antisense
molecule against miR-92 included in the pharmaceutical
composition includes a sequence according to SEQ ID NO 6,
8 or 11. For additional preferred embodiments of the con-
structs or of the antisense molecule, reference is made to the
description as above and included herein.

The invention furthermore relates to a method for produc-
ing the above-described pharmaceutical compositions.

The pharmaceutical composition according to the inven-
tion can be present in the form of tablets, dragées, pills,
granulates, aerosoles, infusion solutions, emulsions, suspen-
sions, solutions, or in or on the coating material of an implant-
able medical device, for example a stent, respectively.

The use according to the invention of the agent or the
pharmaceutical composition, respectively, can take place
using suitable known formulations.

The use according to the invention of the agents can be
transformed in a known manner into the usual formulations,
such as, for example, tablets, dragées, pills, granulates, aero-
soles, emulsions, suspensions and solutions, using inert, non-
toxic, pharmaceutically acceptable carriers or solvents.
Hereby, the therapeutically effective agent concentration,
with reference to the therapeutically effective compounds,
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shall be present each in a concentration of about 0.1 wt.-% to
95 wt.-%, preferably of about 0.5 wt.-% to 90 wt.-% of the
overall mixture, i.e. in amounts that are sufficient in order to
achieve the drug concentrations as required in the target tis-
sue.

The formulations are, for example, produced by stretching
of the agents with solvents and/or carriers, optionally using
emulgators and/or dispersing agents, whereby, e.g., in case of
the use of water as a diluent, optionally organic solvents can
be used as auxiliary agents.

Further mentioned as auxiliary agents shall be e.g. water,
non-toxic solvents, such as, for example, paraffin (e.g. crude
oil fractions), plant oils (e.g. peanut oil, sesame oil), alcohols
(e.g. ethyl alcohol, glycerol), carriers, such as, for example,
natural stone dusts (e.g. kaolins, alumina, talcum, chalk),
synthetic stone dusts (e.g. highly disperse silicic acid, silica),
sugars (e.g. sucrose, lactose and glucose), emulgators (e.g.
polyoxyethylene-fatty acid-esters, polyoxyethylene-fatty
alcohol-ethers), dispersing agents (e.g. lignin, sulfite spent
liquor, methyl cellulose, starch, and polyvinylpyrolidone),
and lubricants (e.g. magnesium stearate, talcum, stearic acid,
and sodium sulfate).

The administration takes place in a usual manner, prefer-
ably orally or parenterally, in particular perlingually or intra-
venously. In case of the oral use of the medicaments accord-
ing to the invention, in addition to the carriers as indicated,
tablets can of course also contain additives, such as, for
example, sodium citrate, calcium carbonate and dicalcium
phosphate together with different additives, such as starch,
preferably potato starch, gelatin, and the like. Furthermore,
lubricants, such as magnesium stearate, sodium lauryl sulfate
and talcum, can also be used when producing tablets. In case
of' aqueous suspensions, in addition to the above-mentioned
auxiliary agents, the drugs can be admixed with different
taste-improving or coloring agents. For the case of a
parenteral use, solutions of the drugs using suitable liquid
carrier materials can be used.

Methods for Therapy or Prophylaxis

The invention also relates to a method for the therapy or
prophylaxis of an individual, in particular a patient, using an
miR-92 or an miR-92 antagonist (such as, for example, an
antisense molecule or a transcription factor inhibitor) or a
pharmaceutical composition in accordance with the descrip-
tion as above or contained herein. In the context of such a
method, an amount of drug between 0.001 mg to 200 mg per
kg body weight per day can be administered.

Antisense Molecule Against miR-92

The invention also relates to an antisense molecule against
miR-92, comprising a sequence which hybridizes to a mol-
ecule of a sequence according to SEQ ID NO 1 to 5, wherein
the molecule has or consists of up to 80 nucleotides, in par-
ticular 15 to 22 nucleotides. Such an antisense molecule
advantageously comprises at least 12 nucleotides, preferably
atleast 15 nucleotides. The hybridization can take place under
stringent or less stringent conditions. Methods for determin-
ing the hybridization are known to the person of skill.

Such a molecule can optionally include chemical modifi-
cations. Particularly preferred is a molecule according to SEQ
ID NO: 6, 8 or 11, which includes at least one of the above-
mentioned chemical modifications. Preferred antisense mol-
ecules including chemical modifications are the molecules
according to SEQ ID NO: 9 and 10, which each are derived
from the molecules according to SEQ ID NO: 6 or 8, respec-
tively.

According to the invention, such a molecule can be used for
promoting angiogenesis, vascularization and vessel repair.
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According to the invention, miR-92 or a molecule with a
sequence according to one of SEQ ID NO: 1 to 5 can be used
for inhibiting tumor angiogenesis and in particular for pro-
ducing a pharmaceutical composition as described above.

In particular, in a preferred embodiment thereof, the inven-
tion does not relate to processes for cloning human beings or
processes for modifying the germ line genetic identity of
human beings as well as uses of human embryos for industrial
or commercial purposes or processes for modifying the
genetic identity of animals which are likely to cause them
suffering without any substantial medical benefit to man or
animal, and also animals resulting from such processes.

The invention is explained in more detail based on
examples, without being limited to these examples. The
results of the experiments as described in the examples are
depicted in the Figures.

DESCRIPTION OF THE FIGURES

The Figures show:

FIGS. 1A-1F: Effects of the over-expression of miR-92 on

in vitro functions of endothelial cells (as provided cells).

(A) Over-expression of miR-92 in pre-miR-92 transfected
endothelial cells.

(B/C) Inhibition of sprout formation in a spheroid (B) and
a “matrigel assay” (C).

(D/E/F) Effect of pre-miR-92 on the viability (D), migra-
tion (E), and adhesion (F).

FIGS. 2A-2D: Effect of the over-expression of miR-92 on

angiogenesis in vivo.

(A) Over-expression of miR-92 in pre-miR-92 transfected
endothelial cells.

(B/C/D) Inhibition of the angiogenesis in vivo. HUVEC
were transfected with a control or with pre-miR-92, and
1x10° cells were implanted in in vivo “matrigel plugs”.
The angiogenesis was determined in H&E-sections
(B/C), and the perfusion was determined by measuring
of hemoglobin (D).

FIGS. 3A-3E: Effect of miR-92 inhibition on the in vitro

and in vivo angiogenesis.

(A) Stimulation of the in vitro sprouting using 2'O-methyl
oligonucleotides blocking miR-92.

(B/C/D/E) Effect of the systemic fusion of an antagomir on
the in vivo neovascularization. (B) Experimental design,
(C) Expression of miR-92 in different organs (heart,
aorta, spleen, liver). (D) Effects on the perfusion accord-
ing to the results of measuring the concentration of
hemoglobin, (E) representative pictures (H&E-staining)
for illustrating the formation of vessels.

FIGS. 4A-4E: Identification of miR-92 target molecules.

(A) Gene expression profile HUVEC following treatment
with pre-miR-92.

(B/C) Confirmation of the dysregulation of the protein
expression using Western Blot in HUVEC after trans-
fection of pre-miR-92.

(D/E) Detection of the effects of pre-miR-92 on the expres-
sion of integrin using FACS.

FIGS. 5A-5F: Effect of miR-92a on the angiogenesis in

vitro (A-C) and in vivo (D-F).

In vitro: Pre-miR-92 was over-expressed in HUVEC, and
the angiogenesis was determined in vitro in the spheroid
model (A) and matrigel assay (B). N>3, *p<0.05 versus
control (Co). Panel C shows representative examples.

In vivo: Pre-miR-92a or control microRNA (Co) trans-
fected HUVEC were mixed with matrigel, and trans-
planted into nude mice. The vessel formation was deter-
mined using the cells as immigrated (D), determined in
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vivo in lectin-perfused vessels (E), and by determining
the hemoglobin content (f). N>4, *p<0.05 versus control
(Co).

FIGS. 6A-6C: Effect of miR-92a inhibition on the angio-
genesis in vitro.

A/B) miR-92a was blocked by over-expression of 2'0O-
methyl antisense oligoribonucleotides, and the angio-
genesis was determined in the spheroid model in vitro.
N>3, #p<0.05 versus control oligonucleotides (Co)
(2'OMeGFP).

C) miR-92a was inhibited through the incubation with
antagomir-92a, and the angiogenesis was determined in
vitro in the spheroid model. N=5, *p<0.05 versus PBS
control.

FIGS. 7A-7F: Effect of antagomir-92a on the formation of
new vessels in the matrigel model (A-C), and hind limb
ischemia model (D-F).

Antagomir-92a, 2 different control antagomirs or the sol-
vent PBS were injected i.v. on day 1, 3, 5 (8 mg/kg bw),
and the matrigel plugs were explanted on day 7. The
numbers of immigrated cells (H&E, A), perfused lectin-
positive vessels (B), and the hemoglobin content (C)
were determined. N>4, p<0.05 versus PBS or antago-
mir-controls (Co). Antagomir-92a or controls were
injected i.v. onday 0, 2, 4, 7, 9 after hind limb ischemia,
and the perfusion was determined using laser Doppler
(D, Example E). FIG. 7F shows the specificity of antago-
mir-92a on the expression of miR-92a and different
other microRNAs. N>3, p<0.05 versus controls (Co).

FIGS. 8A-8E: Effect of antagomir-92a on the heart func-
tion after myocardial infarct. Antagomir-92a, control antago-
mir (antagomir-Co) or the solvent PBS were injected i.v. after
induction of the cardiac infarct on day 0, 2, 4, 7, 9 (8 mg/kg
bw), and the heart function was determined on day 14 using a
Millar catheter. a-c show the determination of heart function
parameters (a: contractility, b: pressure, c: relaxation con-
stant). Antagomir-92a-treated animals all show better heart
function parameters, when compared with the antagomir-Co
and PBS group. 8D) shows the significant increase of the
capillary in different regions of the heart after antagomir-92a
treatment. 8F) shows the reduction of the size of infarct and
fibrosis in the antagomir-92a treated group. All experiments
N>5, *p<0.05 versus control (Co).

FIGS. 9A-9B: Effect of individual members of the miR-
17-92 cluster on the angiogenesis in vitro.

9A) Direct effect of the over-expression of the individual
microRNAs on the angiogenesis in the spheroid assay
(N=>3, *p<0.05).

9B) Paracrine effect of tumor cells which were transfected
with miR-17 or miR-18 on the angiogenesis of endothe-
lial cells. As depicted, tumor cells were transtected, and
then the supernatant was added to endothelial cells (HU-
VEC) in order to test the effect of paracrine factors. The
over-expression of miR-17 leads to an increase of the
angiogenesis.

EXAMPLES
Materials and Methods

Cell Culture

Human umbilical vein endothelial cells (HUVEC) were
purchased from Cambrex, and cultured until the third passage
in endothelial basal medium (EBM; Cambrex) supplemented
with hydrocortisone, bovine brain extract, epidermal growth
factor and 10% fetal calf serum (FCS; Gibco). After the
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detachment with trypsin, the cells were cultured in 6 cm
culture dishes for at least 24 to 48 hours.
Transfection

For the inhibition of miR-92, HUVECs were cultured up to
a confluence of 60% to 70% before the transfection with the
specific inhibitor. 2'-O-methyl-antisense oligoribonucle-
otides against miR-92 (5'-CAGGCCGGGACAAGUG-
CAAUA-3, SEQ ID NO 11) or GFP (5'-AAG-
GCAAGCUGACCCUGAAGUU-3', SEQ ID NO 7) were
synthesized by VBC Biotech, and 50 nmol/l were transfected
with GeneTrans [I® (MoBiTec) according to the protocol of
the manufacturer. For over-expression of miR-92, HUVECs
were cultured to a confluence of 50%. 10 nmol/l pre-miR-92
or control-pre-miR (Ambion) was transfected with lipo-
fectamine RNAIMAX (Invitrogen) according to the protocol
of the manufacturer.
Antagomir-Strategy

The single-stranded RNA as used herein consisted of 21 to
23 nucleotides and was synthesized by VBC Biotech as
described (13). All animal models were held in a C57BL/6J
background. Eight week old mice were subcutaneously
injected along the abdominal middle line on day 0 with two
matrigel basement matrix plugs, and received tail vain injec-
tions of a saline solution or an antagomir 92 on day 1, 3, and
5. Antagomir 92 was administered in dosages of 8 mg per kg
body weight in 0.2 ml phosphate buffered saline (PBS) per
injection. Tissue and matrigel plugs were harvested on day
six. The tissue was frozen in liquid nitrogen, and stored at
-80° C. for RNA analysis. For hemoglobin analysis, a matri-
gel plug was removed after seven days, and homogenized in
130 ul deionized water. After centrifugation, the supernatant
was used in a Drabkin assay (Sigma-Aldrich) for measuring
the hemoglobin concentration. Stock solutions of the hemo-
globin were used for generating a standard curve. The results
were expressed relative to the total protein in the supernatant.
The second matrigel plug was used for the quantification of
invading cells using H&E-staining.
Western Blot Analysis

For Western Blot analysis, HUVECs were lysed in RIPA
lysis buffer (Sigma) for 20 minutes on ice. After centrifuga-
tion for 15 minutes at 20.000xg (4° C.) the protein content of
the samples was determined according to the method of Brad-
ford. Identical amounts of protein were loaded on a SDS-
polyacrylamide gel, and blotted onto a PVDF- or nitrocellu-
lose-membrane. Western blots were performed using
antibodies against integrin a5 (rabbit polyclonal anti-integrin
a5 antibody; 1:250, Chemicon), MKK4 (rabbit polyclonal
anti-MKK4, 1:1.000, cell signaling), eNOS (mouse mono-
clonal anti-eNOS, 1:2.500, BD), SIRT1 (rabbit polyclonal
anti-SIRT1, 1:1.000, Upstate) or tubulin (mouse monoclonal
anti-tubulin; 1:1.500, Dianova).
RT-PCR

In order to determine the differential miRNA expression in
HUVECs that were transfected with 2'-O-methyl antisense
oligoribonucleotides against miR-92 or pre-miR-92, whole-
RNA was isolated 24 hours after the transfection using TRI-
zol (Invitrogen) according to the protocol of the manufac-
turer. An RT-PCR was performed using the mirVana™ gRT-
PCR miRNA detection kit (Ambion), and primer sets specific
for the amplification of hsa-miR-92 (Ambion) (one cycle: 3
minutes at 95° C., 25 cycles: 15 seconds at 95° C., 30 seconds
at 60° C.).
Migration Assay

In order to determine the migration of endothelial cells,
HUVECs were detached with trypsin, harvested using cen-
trifugation, and resuspended in 500 ul EBM with 0.1 BSA,
counted and placed into the upper chamber of a modified
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Boyden chamber (5x10* cells per chamber, pore size 8 um,
BD Biosciences), which was coated with 2.5 pug/1 fibronectin.
The chamber was placed into a culture dish with 24 wells
containing EBM with 0.1% BSA and human vascular endot-
helial growth factor (VEGF, 50 ng/ml). Following an incuba-
tion for 5 hours at 37° C., the non-migrating cells on the upper
side of the chamber were removed mechanically, and the
remaining cells on the lower side were fixed with 4% form-
aldehyde. For quantification, the cell nuclei were stained with
4'.6-diamidino-2-phenylindole (DAPI). Migrating cells on
the lower side of the chamber were manually counted in five
randomly chosen microscopic fields.
Vessel Formation Assay

HUVECs (7x10%) were cultured in a plate with 12 wells
(Greiner) which were coated with 200 pl matrigel basement
membrane matrix (BD Biosciences). The endothelial net-
works as formed were quantified after 24 hours in five ran-
domly chosen microscopic fields using a computer-con-
trolled microscope using the program KS300 3.0 (Zeiss).
Spheroid Based Angiogenesis Assay

Endothelial cell spheroids of a defined cell number were
produced as described (22, 23). The in vitro angiogenesis was
determined by measuring the cumulative length of the
sprouted structures which were grown from each spheroid
using a digital imaging software (Axioplan, Zeiss), whereby
10 spheroids were analyzed per experimental group and
experiment.
MTT Viability Assay

For measuring the viability of the cells, the (3-(4,5-dim-
ethylthiazol-2-y1)-2,5-diphenyl-2H-tetrazoliumbromide)
(MTT assay) was used. 0.5 mg/ml MTT was added into each
well 48 hours after transfection, and the cells were incubated
for 4 hours at 37° C. The cells were washed with PBS, and
lysed 30 minutes at room temperature with lysis buffer (40
nmol/l HCl in isopropanol). The absorption was photometri-
cally measured at 550 nm.
Cell Matrix Adhesion

Cell culture plates with 96 wells were coated over night at
4° C. with 1 pg/ml soluble recombinant human collagen I
(Roche, Mannheim, Germany) or 2.5 mg/ml human fibronec-
tin (Roche, Mannheim, Germany) in PBS, and then incubated
for one hour at room temperature with 3% (w/v) heat-inacti-
vated (2 hours, 56° C.) human serum albumin (HSA).
HUVECs were stained with 2',7'-bis-(2-carboxyethyl)-5-
(and -6)-carboxy fluorescein acetoxy methylester (BCECF-
AM) or CellTracker Green (Molecular Probes, Eugene,
Oreg.), and were resuspended in EBM with 0.05% HSA after
the detachment with trypsin. Then, 50.000 cells per well were
seeded in the coated wells in 100 pul EBM with 0.05% HSA,
and incubated for 60 minutes at 37° C. After washing out of
the non-adherent cells using warm EBM, the adherent cells
were quantified three times with a fluorescence plate reader
(Fluostat, BMG Lab Technologies, Offenburg, Germany).
Flow Cytometry Analysis

For a permeabilization, HUVECs that were transfected
with pre-miR-92 or control were detached with trypsin, fixed
in 4% formaldehyde for 10 minutes, and treated with 0.1%
tritonX-100. The cells (permeabilized and non-permeabi-
lized) were blocked using 1% BSA, and stained with integrin
a5 (anti-CD49e-FITC 1:10, Immunotech) or integrin b1 (anti-
CD29-APC 1:20, BD) antibodies. The cells were analysed
with a FACS Canto II device (BD).
In Vivo Matrigel Plug Assay

This assay was performed as described (24), but with the
following modifications: HUVECs were transfected with
pre-miR-92, or for a control as described above. 18 hours
after the transfection the cells were labeled with “cell tracker
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CM-Dil” (Invitrogen), detached, washed and counted. 1x10°
cells were resuspended in 30 ul PBS and mixed with 500 pl
“matrigel basement membrane matrix” (BD Biosciences)
containing 15 units heparin (Sigma-Aldrich). The cell-matri-
gel-mix was injected subcutaneously into six to eight week
old female athymic nude mice (Harlan), along the abdominal
middle line. Hemoglobin analysis and H&E-staining were
performed as described above.
Aftymetrix mRNA Profiling

HUVECs were transfected with pre-miR-92, or for a con-
trol. Whole RNA was isolated after 48 hours, and the gene
expression profile was measured using an Affymetrix-gene-
chip-expression assay.
Results
Pre-miR-92 Blocks Endothelial Cell Functions In Vitro and
In Vivo

In order to test the effect of miR-92 on endothelial cells,
HUVECs were transfected with the miR-92 precursor pre-
miR-92, and the effect of this transfection was determined in
different in vitro assays. The efficient over-expression of
miR-92 was first detected using RT-PCR (FIG. 1A). The
miR-92 over-expression significantly blocked the formation
of vessel structures in a spheroid assay (FIG. 1B), and inhib-
ited the formation of a vascular network in matrigels (FIG.
1C), which indicates that miR-92 is a negative regulator of the
angiogenesis in vitro. In order to detect a possible toxic effect
of miR-92, the cell viability was measured. Thereby after
transfection of pre-miR-92 no significant differences could
be detected, compared with non-transfected cells (FIG. 1D).
Since the endothelial cell migration is of large importance for
the angiogenic activity of cells in vitro, in addition the migra-
tion of HUVEC under basal conditions and as a response to
VEGF was determined. Pre-miR-92 reduced the migration
(FIG. 1E) and the adhesion of the cells to fibronectin (FIG.
1F). Thus, pre-mir-92 shows no direct toxic effect, but blocks
the endothelial cell response, which is required for the angio-
genesis. Furthermore, the effect of pre-miR-92 on the angio-
genesis in vivo was determined. For this, HUVECs trans-
fected with pre-miR-92 were implanted in a matrigel plug
into nude mice in vivo. The efficiency of the inhibition was
each controlled in a sub-fraction of the implanted cells (FIG.
2A). As shown in the representative pictures of FIG. 2B and
the quantification in FIG. 2C, pre-miR-92 blocks the growth
of the vessels in vivo in an efficient manner. In addition, the
perfusion is significantly reduced, as could be shown by mea-
suring the hemoglobin concentration in the explanted matri-
gel plugs (FIG. 2B).
Inhibition of miR-92 Increases the Angiogenesis In Vitro and
In Vivo

It was furthermore examined, whether the inhibition of
miR-92 causes the stimulation of vessel growth. MiR-92 was
inhibited by 2'-O-methyl antisense oligoribonucleotide
(O-methyl-miR-92), and the formation of vessel structures in
vitro was determined using a spheroid assay. O-methyl-miR-
92 increases the sprout formation in vitro (FIG. 3A), which
indicates that the inhibition of miR-92 could represent a new
therapeutic strategy for improving the angiogenesis. In order
to test this hypothesis, miR-92 was systemically inhibited
using so-called “antagomirs”, single-stranded RNA oligo-
nucleotides, which, compared with specific miRNAs, have a
complementary sequence. Chemical modifications lead to an
increased stability, and cholesterol-conjugation to an
improved uptake into the cells (15). Antagomirs directed
against miR-92 were administered on three days, as depicted
in FIG. 3B. The systemic administration of antagomirs
improved the vessel growth and the perfusion of the “matrigel
plug” in vivo (FIG. 3C/D). As a result, the inhibition of
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miR-92 increases endothelial cell functions in vitro and
improves the vessel growth in vivo.
Identification of miR-92 Target-Genes

MiRNAs control target genes through a degradation of the
target-mRNA or through translational repressions. In order to
determine the target mRNAs that are degraded in response to
miR-92 over-expression, a chip analysis with an Affymetrix
mRNA gene expression array with 54.681 genes (HG-U133
Plus 2) was performed. The analysis of the regulated mRNAs
identified different key enzymes that control the endothelial
function, including eNOS, SIRT1, integrins, and growth fac-
tors, such as angeopoietin-2 (FIG. 4A). A fraction of the
down-regulated genes is compatible with an analysis of
potential miR-92 targets performed in silico (Table 1). In
order to confirm the results of the screens, the protein expres-
sion of the respective genes was detected using Western blot
or FACS analysis. In agreement with the results as predicted,
the protein expression of eNOS, SIRT1 and Integrin a5 was
significantly repressed by pre-miR-92 (FIG. 4B to 4E).

TABLE 1

In silico prediction of miR-92 target molecules mediating the
biological effect of miR-92
miR-92-Targets

Integrin a5
Integrin av
SIRT1
MKK4
KLF2
PCAF
EDG 1
RAP 1B

As a result, miR-92 exhibits a strong anti-angiogenic
effect, and negatively influences endothelial cell functions in
vitro and in vivo. In agreement with this, blocking of miR-92
by systemic infusion of an antagomir leads to an improved
vessel growth in vivo. This result is surprising, since it is
contrary to the pro-angiogenic activity of the miR-17-92 clus-
ter as described (10).

The present data shows that miR-92 influences the expres-
sion of different proteins that are known to play a major role
in the endothelial cell biology. Amongst the genes as identi-
fied using a microarray, in particular the down-regulation of
eNOS, SIRT1, and integrin a5 on the protein level could be
confirmed. Mice that are deficient for these proteins show an
impaired vascular function and/or an impaired ability for
postnatal neovascularization.

eNOS plays a role in the maintenance of vasoreactivity and
blocks the apoptosis of endothelial cells (16). The histone
deacetylase SIRT1 promotes the longevity in model organ-
isms and controls neovascularization and vessel maturation in
mammals (13, 17). The dysregulation of integrins can have a
negative impact on the interaction with the cell matrix and
thus impair anti-apoptotic signaling and cell migration (14,
18). The growth factor angiopoietin-2, its receptor Tie2, and
protease inhibitors, such as TIMP4, control vessel maturation
(19, 20). Accordingly, miR-92 interacts with a series of genes
that control the endothelial cell functions at different levels.
The ability of miR-92 to influence different effectors provides
an advantage of the miRNA-based therapeutic strategy and
helps to overcome the limited therapeutic capacity of a
therapy of an ischemic disease based on a single growth factor
or a single gene, since the complex processes of vessel
growth, vessel maturation and the functional maintenance of
vessels are known to require a finely tuned regulation of a
series of genes.
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As a result, the influencing of miR-92 represents a new
therapeutic strategy for a control of endothelial cell functions.
The systemic use of antagomirs as shown herein is particu-
larly suitable for influencing of the miRNA functions. The
inhibition of miR-92 by antagomirs increases vessel growth
and contributes to an improvement of the neovascularization
and vessel repair. With reference to the genes which are
known for their atheroprotective effect, such as, for example,
eNOS, the blockade of miR-92 is of use in the anti-athero-
sclerotic therapy. Since a neuroprotective role in neurodegen-
erative diseases (e.g. Morbus Parkinson) is also attributed to
SIRT 1 (25), miR-92 antagomirs can be successfully used
also in this disease scenario. In contrast to this, the over-
expression of miR-92 is useful, for example for blocking
tumor angiogenesis, since it strongly reduces vessel growth.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 11
<210> SEQ ID NO 1

<211> LENGTH: 78

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

cuuucuacac agguugggau cgguugcaau gcuguguuuc uguaugguau ugcacuuguc

ceggecuguu gaguuugg

<210>
<211>
<212>
<213>

SEQ ID NO 2

LENGTH: 75

TYPE: RNA

ORGANISM: Homo sapiens

<400> SEQUENCE: 2

ucaucccugg guggggauuu guugcauuac uuguguucua uauaaaguau ugcacuuguc

60

78

60
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-continued

16

ceggecugug gaaga

<210> SEQ ID NO 3

<211> LENGTH: 96

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

cgggeccagy gogggeggga gggacgggac goeggugeagu guuguuuuuu cceccgecaa
uauugcacuc guccceggcecu ceggeceaeee cggecce
<210> SEQ ID NO 4

<211> LENGTH: 22

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

uauugcacuu guccceggcecu gu

<210> SEQ ID NO 5

<211> LENGTH: 22

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

uauugcacuc gucccggecu cc

<210> SEQ ID NO 6

<211> LENGTH: 21

<212> TYPE: RNA

<213> ORGANISM: artificial
<220> FEATURE:

<223> OTHER INFORMATION: antisense oligoribonucleotide against miR-92

<400> SEQUENCE: 6

caggccggga caagugcaau a

<210> SEQ ID NO 7

<211> LENGTH: 22

<212> TYPE: RNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: 2'O-methyl-antisense oligoribonucleotide
against GFP

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(22)

<223> OTHER INFORMATION: 2'O-methyl modified nucleotide

<400> SEQUENCE: 7

aaggcaagcu gacccugaag uu

<210> SEQ ID NO 8

<211> LENGTH: 22

<212> TYPE: RNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: antisense oligoribonucleotide against miR-92

<400> SEQUENCE: 8

acaggccggg acaagugcaa ua

<210> SEQ ID NO 9

<211> LENGTH: 21
<212> TYPE: RNA

75

60

96

22

22

21

22

22
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-continued
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<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

ORGANISM: artificial

FEATURE:

OTHER INFORMATION: 2'O-methyl modified antisense
oligoribonucleotide against miR-92

FEATURE:

NAME/KEY: misc_feature

LOCATION: (1)..(2)

OTHER INFORMATION: phosphothioate bond
FEATURE:

NAME/KEY: misc_feature

LOCATION: (2)..(3)

OTHER INFORMATION: phosphothioate bond
FEATURE:

NAME/KEY: misc_feature

LOCATION: (18)..(19)

OTHER INFORMATION: phosphothioate bond
FEATURE:

NAME/KEY: misc_feature

LOCATION: (19)..(20)

OTHER INFORMATION: phosphothioate bond
FEATURE:

NAME/KEY: misc_feature

LOCATION: (20)..(21)

OTHER INFORMATION: phosphothioate bond
FEATURE:

NAME/KEY: misc_feature

LOCATION: (21)..(21)

OTHER INFORMATION: 3' cholesterol group
FEATURE:

NAME/KEY: misc_feature

LOCATION: (21)..(21)

OTHER INFORMATION: phosphothioate

SEQUENCE: 9

caggccggga caagugcaau a

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 10

LENGTH: 22

TYPE: RNA

ORGANISM: artificial

FEATURE:

OTHER INFORMATION: 2'O-methyl-modified antisense
oligoribonucleotide against miR-92

FEATURE:

NAME/KEY: misc_feature

LOCATION: (1)..(2)

OTHER INFORMATION: phosphothioate bond
FEATURE:

NAME/KEY: misc_feature

LOCATION: (2)..(3)

OTHER INFORMATION: phosphothioate bond
FEATURE:

NAME/KEY: misc_feature

LOCATION: (3)..(4)

OTHER INFORMATION: phosphothioate bond
FEATURE:

NAME/KEY: misc_feature

LOCATION: (19)..(20)

OTHER INFORMATION: phosphothioate bond
FEATURE:

NAME/KEY: misc_feature

LOCATION: (20)..(21)

OTHER INFORMATION: phosphothioate bond
FEATURE:

NAME/KEY: misc_feature

LOCATION: (21)..(22)

OTHER INFORMATION: phosphothioate bond
FEATURE:

NAME/KEY: misc_feature

LOCATION: (22)..(22)

OTHER INFORMATION: 3' cholesterol group
FEATURE:

NAME/KEY: misc_feature

LOCATION: (22)..(22)

OTHER INFORMATION: phosphothioate

SEQUENCE: 10

21
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20

-continued

acaggccggg acaagugcaa ua

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 11
LENGTH: 21
TYPE: RNA
ORGANISM:
FEATURE:
OTHER INFORMATION: 2'O-methyl-modified antisense
oligoribonucleotide against miR-92

FEATURE:

NAME/KEY: misc_feature

LOCATION: (1)..(21)
OTHER INFORMATION:

artificial

<220>
<221>
<222>
<223>

<400> SEQUENCE: 11

caggccggga caagugcaau a

2'0-methyl-modified nucleotide

22

21

. 20
We claim:

1. A method for increasing blood flow or perfusion in a
subject in need thereof, wherein the method comprises
administering an antisense molecule against miR-92 to the
subject, wherein the antisense molecule reduces miR-92a
expression or activity.

2. The method according to claim 1, wherein the antisense
molecule is amolecule that is complementary to or hybridizes
to an RNA-molecule with a sequence according to SEQ ID
NO: 1,2 or 4.

3. The method according to claim 1, wherein the antisense 30
molecule has a length of up to 30 nucleotides.

4. The method according to claim 3, wherein the antisense
molecule has 15 to 22 nucleotides.

5. The method according to claim 1, wherein the antisense
molecule comprises a sequence according to SEQ ID NO: 6,
8,or1l.

25

35

6. The method according to claim 1, wherein the antisense
molecule has at least one chemical modification.

7. The method according to claim 6, wherein the chemical
modification is 2'-O-methyl-, cholesterol-, phosphorothio-
ate-, 2'-O-methoxyethyl-, or 2'-fluoro-modification.

8. The method according to claim 6, wherein the antisense
molecule has at least one locked nucleic acid (LNA) compo-
nent.

9. The method according to claim 1, wherein the subject is
a human.

10. The method according to claim 1, wherein the subject
has ischemia.

11. The method according to claim 1, wherein the subject
has peripheral artery occlusion.
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